There are currently no studies that have evaluated the motor network, including the cerebellum, in adolescent marijuana (MJ) smokers. The current study aimed to evaluate whether there were activation differences in Brodmann's area 4 (BA4), Brodmann's area 6 (BA6), cingulate (CG) and cerebellum between MJ-using adolescents and healthy controls (HC) on a functional magnetic resonance imaging (fMRI) bilateral fingertapping task. Twenty-four adolescents (aged 18.2 ± 0.7 years) with heavy MJ use and 24 HC (18.0 ± 1.9) had MRI scans on a 3 T Siemens scanner, including a standard bilateral fMRI finger-tapping sequence. Imaging data were analyzed using SPM5 in Matlab. As regions of interest, BA4, BA6, cingulate (CG) and cerebellum were selected, and significant clusters of activity were thresholded at p b 0.05, corrected. Healthy controls had significantly greater activation than MJ users for the CG and cerebellum. In addition, activation of the cerebellum and CG correlated with lifetime MJ smokes. This is one of the first studies to evaluate cortico-cerebellar circuits in adolescents with heavy MJ use. The study, which used a bilateral finger-tapping fMRI task, provides evidence for both CG and cerebellar dysfunction in MJ abuse and indicates that lifetime MJ use may impact the developing brain.
Introduction
Marijuana (MJ) remains the most popular illicit drug among teens (Johnston et al., 2008) . Marijuana initiation typically begins in adolescence, as youths aged 12-17 constitute approximately two thirds of the new MJ users (SAMHSA, 2004) . Between 8th and 12th grade, illicit drug use prevalence increases from 8% to 22% (Squeglia et al., 2009) , highlighting the importance of understanding the impact of drug use during this age range. The adolescent brain undergoes significant regressive structural changes, including synaptic pruning of gray matter, in order to eliminate redundant or unnecessary neural connections (Sowell et al., 2004a) . In addition to synaptic pruning of cortical and sub-cortical structures, the adolescent brain progressively increases its white matter fiber tract composition to promote efficiency of neural conductivity (Pfefferbaum et al., 1994; Sowell et al., 2004b; Jernigan and Gamst, 2005; Huppi and Dubois, 2006; LopezLarson et al., 2010) . The effects of illicit drug exposure on adolescent brain development have not been fully described, although several studies have found abnormalities in white matter, cerebral electrophysiological functioning, neurotransmitters and brain metabolites (Dolmatova and Ivanets, 1995; Solowij et al., 1995; Yamanouchi et al., 1995; Ennett et al., 1997; Garcia-Sevilla et al., 1997; Ozaita et al., 1998; Schweinsburg et al., 2008; Squeglia et al., 2009; Bossong and Niesink, 2010) .
The performance of a motor act is facilitated by a complex integration of neural systems responsible for an array of cognitive processes, including planning, attention and execution. The network of structures engaged in these processes is likewise complex and extends throughout the brain, controlling everything from subtle to gross motor movements (Pillay et al., 2008) . Cortical brain regions known to mediate motor function include Brodmann's area (BA) 4 (primary motor cortex), BA6 (supplementary motor area), the anterior cingulate (ACC), the parietal lobe, and the cerebellum (Jeannerod and Frak, 1999) . Functional magnetic resonance imaging (MRI) studies utilizing a finger-tapping paradigm also report activation in these cortical brain regions (Rubia et al., 1999; Bischoff-Grethe et al., 2004; Mostofsky et al., 2006) . For example, in a study assessing motor abnormalities in children with attention deficit hyperactivity disorder (ADHD), performance of a sequential finger-tapping task revealed activation in the cerebellum, BA4 and BA6 (Mostofsky et al., 2006) . In a similar subject group, Rubia et al. (1999) found activation in the anterior cingulate cortex (ACC), as well as activation of mesial frontal gyrus and inferior prefrontal cortex during performance of a delay sequencing motor task. Using region of interest (ROI) analysis in a Psychiatry Research: Neuroimaging 202 (2012) 224-232 
